This is the first study to investigate how food and nutrient intakes vary with the levels of acculturation of Korean Americans using a dietary assessment tool tested for validity and reliability. The respondents were Korean Americans (n 486) resident in the Greater New York metropolitan area, USA. They were divided into two groups according to the total score of acculturation: low-and high-acculturated groups. Using a food-frequency questionnaire and a modified Suinn-Lew Asian self-identity acculturation scale, differences in the frequencies of food items, food groups and nutrient intakes consumed were analysed by level of acculturation. The low-acculturated group tended to consume significantly more rice, mixed rice, soyabean paste chigae (pot stew), saengsun (fish) chigae, kimchi chigae, other fish broiled or baked, eggs, kimchi, spinach, persimmons, and white or brown sugar in coffee or tea. The high-acculturated group demonstrated a statistically greater tendency to consume bread, cereal, spaghetti, ham, green salad, sweetcorn, chocolate, candies and diet soft drinks. The more acculturated an individual, the more significant was the tendency to consume sweets. The more acculturated group had significantly (P, 0·05) higher intakes of % energy from total fat, thiamin, vitamin E and folate, while the low-acculturated group consumed greater amounts of Na, niacin and dietary fibre. The information from the present study can be used to describe dietary habits according to various aspects of acculturation, and allows a better understanding of the dynamics of acculturation and dietary habits.
Korean Americans represent one of the fastest growing Asian American groups in the USA; their population has more than doubled during the past decade (US Department of Commerce, 2001 ). According to a recent census conducted by the Korean Ministry of Foreign Affairs, in December 1999 2 057 546 Koreans lived in the USA (Korean Ministry of Foreign Affairs, 2000) . New York and New Jersey have the second and third largest numbers of Korean Americans after California. In spite of this increase in immigration, the cultural context of Korean Americans' nutritional intakes have never been explored. Most of the studies of Korean Americans have focused primarily on food patterns (California Korean Health Education and Information and Referral Center, 1990; Kim et al. 1993; Lee, 1998; Lee et al. 1999) , but there has only been one study specific to nutritional intakes relating to acculturation issues (Chung, 1995) . The various effects of acculturation need to be considered to measure the variations in the daily food intakes of Korean Americans properly.
Acculturation is a process of intercultural borrowing, marked by the continuous transmission of traits and elements between diverse peoples, and results in new and blended patterns (Gove et al. 1993) . Acculturation has been shown to influence the dietary habits of immigrants by the retention of or changes in the intakes of foods and nutrients (Kaiser et al. 2001; Satia et al. 2001) . Dietary change, within immigrant groups or within groups undergoing acculturation, has become an issue of increasing interest in community nutrition and nutritional anthropology, as more and more populations experience rapid social change (Lands et al. 1990) . Migrant studies of first and second generation immigrants to the USA show that acculturation to a western lifestyle appears to result in an increase in morbidity and mortality from many degenerative diseases (Parker et al. 1998) . Diseases resulting from dietary habit change have been hypothesized to be the cause of the increase (Huang et al. 1996) . Moreover, the increased intake of total energy, fat and sucrose and decreased intake of total and complex carbohydrates, including fibre, have been reported to play a role in the aetiology of the degenerative diseases in migrant population studies (Marmot & Syme, 1976; Reed et al. 1982) . Epidemiological studies of diet and its relationship to various social aspects of a particular population or culture can contribute to the development of nutrition programmes and services in clinical and home settings. Information from these studies is useful in the implementation of such programmes and services at federal, state and local levels (Huang et al. 1996) .
Acculturation has been viewed as an important variable in the planning of social and psychological intervention for Asian Americans. The process of acculturation is considered as neither linear nor uni-dimensional, but as multi-dimensional, involving changes in behaviours, values and attitudes (Leong, 1986) . A validated acculturation scale, Suinn-Lew Asian self-identity acculturation scale (SL-ASIA scale), has been applied to both mental and physical health-related studies, and the same scale has been used in psychotherapy and chronic disease screening in migrant population studies (Gurung & Mehta, 2001 ). However, no research has been undertaken that relates the level of acculturation to dietary habits.
The aim of the present study was to identify the correlations between demographic factors and acculturation and then relate the acculturation to dietary habits in Korean Americans residing the Greater New York metropolitan area. The term acculturation is used here to represent the degree to which Korean Americans identify with and are integrated into the majority culture. In the present study, acculturation refers to the language, media use, friendship, foods, pride and ethnic self-identity. Comparing the dietary characteristics of Korean Americans adhering to traditional dietary habits v. those adopting more acculturated eating pattern will help researchers to understand and assess the nutritional intakes of the migrant population better and to identify any influence of acculturation on dietary habits.
Methods

Sample
The participants were randomly recruited from residential telephone and address books available in Korean American communities residing in the Greater New York metropolitan area. The questionnaires, accompanied by two-dimensional food portion sizes, were posted to 752 Korean Americans; 278 (37 %) and 113 (15 %) participants replied to a first and second posting respectively. In an extensive telephone-administered survey (up to three telephone calls) by closely supervised bilingual (Korean-English) interviewers after a prolonged period of training, and additional 16 % of the participants (122 respondents) replied to the questionnaire. All volunteers who participated in this study were of Korean heritage and $ 18 years of age. They all agreed to participate in the study by signing a consent form. The study was reviewed and approved by New York University Human Subjects Committee.
Instrument
The questionnaire included demographic items, such as age, gender, household income, occupation, length of residence in the USA and questions concerning the acculturation scale. The acculturation level of Korean Americans was measured using a modification of the SL-ASIA scale, which was adapted from an acculturation rating scale for Mexican Americans and has been applied to Asian Americans (Gim et al. 1990 ). The original SL-ASIA scale consisted of a twenty-one-item questionnaire covering language, identity, friendship choice, behaviours, generation and geographic history, and attitude. For the present study, six factors believed to be important in determining acculturation were included in a seventeen-item scale. They were language (six questions: spoken at work and/or at home, written, thought, obtained when a child, spoken with friends), media use (three questions: television, radio, media preferred), friendship (four questions: close friends, social gathering preference, friends preferred, offspring's friends), foods (two questions: food preference at home and at a restaurant), pride (one question) and ethnic self-identity (one question). Each question was rated on a scale ranging from very Korean (1) to very American (5). A higher score indicated a higher level of acculturation.
The participants were asked to check if their dietary habits changed after immigration using five scale values from strongly disagree (1) to strongly agree (5). They were then asked to evaluate the types of meals they consumed recently on a scale ranging from very Korean (1) to very American (5).
A food-frequency questionnaire for Korean Americans (KFFQ) was developed by modifying Block's health habits and history questionnaire (Block et al. 1993 ) to reflect foods consumed by Korean Americans. The KFFQ consisted of 118 food items and standardized measures (portion size, weight, or volume) for each food item were included. The KFFQ was then structured into nine food groups, taking into consideration cultural-specific dietary patterns; it was validated by comparing it with 7 d dietary records of food items, portion sizes and nutrients (Kim et al. 2002) . The previously validated KFFQ was administered to each participant to identify the daily intakes of the 118 food items and nutrients. All written and spoken instruments given to the study participants were provided in both English and Korean. Translations were checked using a translation-back-translation process.
Data collection
Participants were instructed in detail (both in Korean and English) on how to complete the questionnaire. Additional explanation was provided on the estimation of portion sizes of foods and beverages described in the KFFQ, by food models in picture. All the answers were reviewed after collection and participants were immediately asked, by telephone-administered interview, to clarify any ambiguous or incomplete information if needed. All information collected in the present study was kept strictly confidential; each questionnaire was coded for record keeping and used for data analysis only.
Data analyses
After all the data collection process, 513 questionnaires (68 %) were completed and among them twenty-seven respondents were excluded for the following reasons: fasting (more than 2 d), illness or unusual nutrient intakes (extremely high or low values). The final number of participants for data analyses was 486.
Descriptive statistics, such as mean values and standard deviations, and normality testing, were performed on relevant data using the SPSS 10.0 software package (SPSS Inc., 2000) . Of demographic variables, age, length of residence in the USA, education and income were divided into three groups. The trichotomized variables and dichotomized demographic variables (gender and place of birth) were tested if there were any significant differences in acculturation scores.
Intercorrelations of hypothesized demographic variables and acculturation were obtained. The data for total acculturation scores, age, length of residence and education were used as continuous variables, while other variables, such as gender, place of birth, and household annual income were as categorical. In addition, intercorrelations between acculturation (six factors) and changes in dietary habit and type of meals were identified.
The reliability of the acculturation scale was presented as coefficients of internal consistency (Cronbach a). Acculturation categories are usually adjusted to best reflect the study population. For example, while Suinn et al. (1995) divided their study subjects into low, medium and high levels of acculturation based on total scores, Gim et al. (1990) cross-tabulated acculturation levels by gender and ethnicity: finding that there were no low-acculturated Japanese American men, low and medium scores were collapsed to create one category, low-medium and high, forming two groups instead of the three that Suinn et al. (1995) used. The results of the present study showed that most people had low acculturation scores, unlike those in the study of Gim et al. (1990) . Therefore, in the present study we categorized acculturation as low or high. DietSys w (National Cancer Institute, Bethesda, MD, USA), a computer software program, was modified to analyse the nutrient intake from the KFFQ (Block et al. 1993) . Nutrient compositions of Korean ethnic foods were obtained from the recommended daily allowances for Koreans (Korean Nutrition Association, 2000) and incorporated into the DietSys w program. The data editing procedures (range, logical consistency and missing data) were applied using the modified DietSys w . For the purposes of analysis, we determined the mean frequency of consumption per d per person of each food item (total of 118 food items) in the KFFQ. Values were assigned to the nine codes of frequency of consumption, taking into consideration each item's contribution to daily consumption. Never or less than once per month was coded as 0; once per month as 0·03 (1/30); twice or three times per month as 0·08 (2·5/30); once per week as 0·14 (1/7); twice per week as 0·29 (2/7); three or four times per week as 0·5 (3·5/7); five or six times per week as 0·79 (5·5/7); once per day as 1·00; twice or more per d as 2·00. The consumption frequencies of the nine food groups were computed after all the frequencies of food items were combined in each food group. The variables used for the analyses were the mean daily frequencies of the nine food groups, and macro-and micronutrient daily intakes (total energy, protein, total fat, carbohydrate, Ca, P, Fe, Na, K, vitamin A, thiamin, riboflavin, vitamin C, vitamin E, pyridoxine, niacin, cholesterol, dietary fibre, folate and Zn) from the KFFQ. ANOVA and general linear model were used to determine if there were any significant differences in the mean values of the low-and high-acculturation groups after controlling for the six demographic variables (Tabachnick & Fidell, 2000) . Table 1 describes the profile of the participants. The majority were female (64 %), middle-aged (37 years old) and from middle-income households (52 % had incomes ranging from $25 000 to $75 000 per year). Most were born in South Korea (85 %) and were married (69 %). The average length of residence and education were 9·9 and 14·5 years respectively and the average BMI was 22·1 kg/m 2 . Most respondents reported that they did not smoke (84 %), did not exercise (70 %) and did not take vitamin and/or mineral supplements (54 %). Over onehalf (51 %) answered that their dietary habits had changed since they had immigrated to the USA. The mean score of acculturation was a low 2·1 (on a scale of 1 to 5). Most Korean Americans in the present study had a low level of acculturation in all seventeen items (Table 2) . Most reported using the Korean language predominantly, whether at home (. 90 %), with friends (80 %), thinking (81 %) or when reading (63 %). Almost one-half (48 %) even reported that they spoke mainly Korean at work. Almost all respondents (92 %) had spoken Korean as a child. The majority of respondents (87 %) reported that they preferred to socialize with other Koreans and that they preferred Korean food (82 % when eating at home and 63 % when eating out). Over two-thirds proudly identified themselves as Korean. However, 77 % of the respondents said they wanted their child(ren)'s friends to be equally Korean -American or more American, and that they preferred to listen to media programmes in equally Korean -English or more in English (63 %).
Results
Demographic information
Demographics and acculturation Table 3 shows acculturation scores by demographic variables. Age, place of birth, length of residence in the USA, and education were related to the mean values of acculturation scores. Those who reported higher levels of acculturation to the USA were younger, were born in USA, had stayed longer in the USA and were more highly educated. As presented in Table 4 , younger individuals born in the USA, had lived longer in the USA, and were more educated, tended to have a higher level of acculturation. Table 2 . Distribution of acculturation by the respondents to the Korean American food-frequency questionnaire (n 486)* Code. . . Acculturation, changes in dietary habit and type of meals Table 5 shows the correlation between acculturation and changes in dietary habits and types of meals. Changes in dietary habit were correlated positively with language, media use, friendship, food and ethnic self-identity. The types of meals consumed were also positively correlated with the same variable. Those who used the English language and the American mass media had more American friends, ate American food, had an American ethnic self-identity, tended to change dietary habits after immigration and ate American-style meals.
Acculturation and the frequency of consumption of food items and food groups
Reliability of the modified SL-ASIA scale was high, as demonstrated by a Cronbach a 0·92. Respondents were divided into two groups, i.e. low-and high-acculturation groups, to determine whether there were any significant differences in frequencies of consumption of food items, food groups and in nutrient intakes according to the level of acculturation. Table 6 shows the mean frequencies of all 118 food items and of the nine food groups as estimated by the KFFQ and the result of ANOVA performed upon between the two acculturation groups. Significant differences were found in the consumption frequencies of twenty-one food items out of 118. These were: rice, bread, mixed rice and cereal in food group 1 (grain, starch and cereal); spaghetti, lasagne or other pasta with tomato sauce, soyabean paste chigae, saengsun chigae, kimchi chigae and pizza in food group 2 (mixed dishes); ham and lunch meats, other fish grilled or baked, and eggs in food group 3 (meat, fish, poultry and eggs); kimchi, spinach, sweetcorn and green salad in food group 4 (vegetables); persimmons in food group 5 (fruits and juices); sweets and chocolate in food group 6 (sweets); diet soft drinks and white or brown sugar in coffee or tea in food group 9 (beverages). Among the twenty-one statistically significant food items, the low-acculturated group tended to consume significantly more rice, mixed 0·10  0·36  0·05  0·17  0·556  NS  Ginseng  0·03  0·08  0·03  0·08  1·537  NS  Honey, sugar in ginseng tea  0·05  0·15  0·05  0·23  0·709  NS  Sikhe  0·04  0·06  0·03  0·04  1·583  NS  Barley water  0·47  0·74  0·33  0·65  0·997  NS *P, 0·05, **P, 0·01, ***P, 0·001 (ANOVA and general linear model after controlling for age, gender, length of residence in the USA, education, income and place of birth. † For details of subjects, recruitment and procedures, see Table 1 and p. 470. ‡ Values are given as frequency per d per person; 0·00, never or less than once per month; 0·03, once per month; 0·08, two or three times per month; 0·14, once per week; 0·29, twice per week; 0·50, three or four times per week; 0·79, five or six times per week; 1·00, once per d; 2·00, more than twice per d.
rice, soyabean paste chigae, saengsun chigae, kimchi chigae, other fish grilled or baked, eggs, kimchi, spinach, persimmons, and white or brown sugar in coffee or tea.
The high-acculturation group demonstrated a statistically significant tendency to consume more bread, cereal, spaghetti (lasagne, other pasta with tomato sauce), pizza, ham and lunch meats), green salad, sweetcorn, chocolate, candies and diet soft drinks. The consumption frequencies of the nine food groups were computed after all the frequencies of the food items had been combined. In food group 6 (sweets), both chocolate and sweets were found to be related to acculturation, indicating that the more acculturated an individual is, the greater the likelihood that s/he consumes both of these food items.
Acculturation and nutrient intakes
The low-and high-acculturation groups were compared to determine if there were any statistically significant differences in nutrient intakes estimated by the KFFQ using ANOVA ( Table 7 ). The nutrients found to be statistically significant were: % energy from total fat, Na, dietary fibre, folate, vitamin E, thiamin and niacin. The higher the acculturation, the more the % energy from total fat, thiamin, vitamin E, and folate consumption, and the lower the acculturation, the greater Na, niacin and dietary fibre intakes, and these differences were statistically significant.
Discussion
Acculturation studies have been incorporated into several studies upon minority food habits, and they have demonstrated the nature of relationships between food habits and availability, racial differences and length of residence (Lewis & Glaspy, 1975; Newman, 1980) . Relatively few studies have reported upon the relationship between nutrient intakes and levels of acculturation; rather, most studies have been performed to describe differences in food intake patterns due to migration.
According to Grivetti & Paquette (1978) , dietary changes occur among Chinese Americans due to acculturation. In another Chinese immigrant food habit study, a statistically significant change in food habits practiced before and after immigration to the USA was identified (Newman, 1980) . However, people residing in the USA for . 5 years showed a significant reversal in some food habits back to traditional Chinese food habits. In that study of Chinese immigrants, 61 % of the respondents reported that their dietary habits had changed after immigration. However, owing to the design of the study, it is not possible to ascertain whether or not there was a reversal in some food habits after a longer period of residence in the USA. The correlation between length of residence in the USA and dietary habit changes was 0·31, indicating that the longer individuals resided in the USA, the more likely they are to alter their dietary habits. Similar findings were obtained by dietary studies on Korean American, studies that found that the intakes of meat, fruits, milk and fat increased after immigration (California Korean Health Education and Information and Referral Center, 1990; Chung, 1995) . As the duration of residence in the USA increased, the consumption of American foods also increased (California Korean Health Education and Information and Referral Center, 1990 ). Chung (1995) also reported that the higher the acculturation level, the less frequently respondents consumed traditional Korean foods. In the present study, among the nine food groups the frequency of consumption of food group 6 (sweets), in particular, was found to be significantly related (P, 0·01) to the level of acculturation. The more acculturated, the higher the tendency to consume food items in the sweets food group. Bertino & Chan (1986) found that there were differences in sweet and sugar consumption between Chinese (representative of low acculturated recent immigrants) and Americans of European decent (representative of high-acculturated groups), which concurs with the result of the present study.
Researchers have previously examined the relationship between alcohol consumption and the level of acculturation. In several available studies about Latino Americans' dietary practices, acculturation was found to be positively related to both frequency and total amount of alcohol consumed (Black & Markides, 1993; Otero-Sabogal et al. 1995) . An additional study supported the finding that problems associated with alcohol were more frequent and widespread when the Samoan communities were acculturated into the USA mainstream (Hanna & Fitzgerald, 1993) . However, no significant difference in alcohol consumption was found between the two acculturation groups in the present study.
While there is a significant difference (P, 0·05) in % energy from total fat between the low-and high-acculturation groups, the values for % energy from total fats in both groups are much lower than in the general US population. A recent study on Korean women in New Haven, CT, USA, observed a similar nutrient consumption pattern with acculturation (Chung, 1995) . Korean immigrants are likely to assimilate at a slower rate and tend to maintain cultural traditions, especially dietary habits, than other Asian ethnic groups (Kim et al. 1993) .
In an ethnic comparative study, there were no significant differences in the intakes of energy and Na between a recent Chinese immigrant group and a white group (Bertino & Chan, 1986) . However, while K intake and K:energy ratio were greater in the white subjects, Na: energy and Na:K ratios were greater in the Chinese. The Chinese preferred saltier foods more than the white subjects did, which may also be applicable to Korean Americans and account for the higher Na consumption in the low-acculturation group in the present study; they consumed more salty traditional Korean foods, such as kimchi and soyabean paste chigae. In a survey by Netland & Brownstein (1984) , who assessed the extent of acculturation and compared the diets of Asian Americans and white subjects, Asian Americans were significantly more likely to have diets that were deficient in vitamin A, riboflavin, Ca and Mg than white subjects. In addition, elderly Asians were found to have higher Na, lower K and lower dietary fat intakes than white subjects.
The intakes of energy, protein, total fat, cholesterol and riboflavin in the present study were similar to those of Chung (1995) , and while the intake of Ca was higher in our present study, the intakes of carbohydrate, vitamin A, thiamin, vitamin C, Fe and niacin were lower. As reported in a study on the nutritional status of elderly Chinese American, Korean American and Japanese American, a large percentage of Korean American elderly were found to consume deficient amounts of protein and vitamins A and C (Kim et al. 1993) . Lewis & Glaspy (1975) found that when Filipino women migrate to the USA, ethnic food habits are modified, but not abandoned, and that changes are likely to be for the better nutritionally. However, according to Guendelman & Abrams (1995) , first-generation Mexican American women, who are assumed to have a low acculturation level, had higher average intakes of protein, vitamins A and C, folic acid and Ca than second-generation Mexican American and white non-Hispanic women.
In the present study, demographic variables, age, place of birth, length of residence in the USA, and education were found to be correlated with acculturation to an US lifestyle after immigration. A similar study, conducted among Koreans in New York, New Jersey and Hawaii found that the acculturation index was related to age, income, education, occupation, gender, and living with or without other family members (spouse or school-aged children) (Lee, 1998) . In a Connecticut (USA)-based study, Chung (1995) found that acculturation was significantly related to length of residence in the USA, age, education and occupation. In particular, the most important variable was proficiency in English, which concurs with another study (Lee et al. 1999) . In several studies in other minority populations, fluency in English was found to be strongly associated with numerous measures of social adjustment in the USA (Wetermeyer & Cheng, 1996; Flores, 2000) . In a further study of Vietnamese women in the USA using the SL-ASIA scale as an acculturation index, language acculturation was strongly related to attitudes and habits to health practices, such as regular examinations (Yi, 1998) .
Although our present results show an overall low level of acculturation, it was possible to categorize respondents into a lower and a slightly higher grouping using a highly reliable acculturation scale and then to compare dietary habits between the two acculturation groups. The present study is the first to consider specific issues regarding nutritional intakes as related to acculturation in the immigrant population using a dietary assessment method tested for its validity and reliability. The information from the present study can be used to describe dietary habits according to the various aspects of acculturation, and allows a better understanding of the dynamics between nutrient intakes and acculturation. It should help researchers to recognize, rather than ignore, specific food consumption patterns v. different levels of acculturation among the Korean American population.
